A 72-year-old man was hospitalized with asymptomatic hyponatremia. Despite hyponatremia, urinary sodiumexcretion with urine osmolality exceeding plasma osmolality persisted. Plasma vasopressin levels were high and independent of plasma osmolality during hypertonic saline infusion. Computed tomography of the chest showed enlarged mediastinal and right hilar lymph nodes. Microscopically, a specimen of lymphnodes obtained by biopsy represented vasopressinproducing small cell lung carcinoma. Chemotherapy plus irradiation improved the hyponatremia. Thus, careful evaluation is necessary to determine the cause of hyponatremia disorders in elderly patients. (Internal Medicine 37: 950-954, 1998) 
Introduction
It is knownthat some patients have hyponatremia due to the syndrome of inappropriate secretion of antidiuretic hormone (SIADH) (1) . However, in elderly patients it is difficult to determine the hyponatremia due to SIADHfrom other causes which include the disease with exaggerated renal sodium loss and blood volume contraction, called "central salt-wasting syndrome" because the clinical and laboratory features resemble those in SIADH (2) (3) (4) . Furthermore, a number of factors cause SIADHin patients with malignancy. Therefore, it is not easy to determine the malignancy production of arginine vasopressin (AVP) among the multiple causes (5) .
In this study, we describe an elderly patient with SIADHdue to AVP-producing small cell lung cancer, who had no clinical or general laboratory findings to indicate malignancy and whose laboratory tests were indistinguishable from those in patients with hypovolemic hyponatremia.
For editorial comment, see p 907.
Case Report
A 72-year-old man was admitted to the hospital because of hyponatremia (serum Na 121 mEq//) found incidentally by measuring serum electrolyte and blood cell counts; three years before admission, he had normocytic anemia. Before admission he had taken no medications. On admission, his height was 154 cm and his weight was 49 kg. His blood pressure was 112/72 mmHg, and pulse rate was regular at 62/min. There were signs of anemia in palpebral conjunctiva and nails, and there were no signs of edema or pigmentation. Skin turgor was normal. He was fully conscious. The plain chest X-ray film showed no abnormal shadow in either lung field ( Fig. 1) and an electrocardiogram was interpreted as within normal limits. An abdominal echogram was normal, as was optic fundi. General laboratory findings (Table  1) showednormocytic anemia and leukopenia with normal differential cell count. Serum concentrations of iron and folic acid were normal. Serum concentrations of total protein, immu- tumor markerssuch as oc-fetoprotein, carcinoembryonicantigen, CA19-9and neuron-specific enolase were negative. On admission, in spite of hypoosmotic hyponatremia, the urinary sodium concentration was higher than 20 mEq/day and the osmolality in urine was nearly double that in blood (Table  2) . Serumuric acid was low and 24 hours creatinine clearance was normal. Thyroid and adrenal functions were intact ( Table  2 ). In the recumbent position, plasma concentrations of renin and aldosterone were high, while the plasma atrial natriuretic peptide (ANP) concentration was low. When5%hypertonic saline was infused for 2 hours (4), 3 weeks after the admission, plasma AVPlevel relative to plasma osmolality before the infusion was high and showed erratic fluctuations during the infusion because the change of plasma AVPconcentration exceeded the range of variation (1 1.4%) of the AVPassay (4) (Fig.2) .
Scanning of head and body by computed tomography (CT) and magnetic resonance imaging (MRI), and 99mTcbone scanning were performed. The chest CT scanning showed an enlargement of the paraaortic, paratracheal, anterosuperior mediastinal and right hilar lymph nodes ( Thoracotomy was performed, which showed a tumor (7x7 mm)without indentation in S-3 of the left lung and enlargement of the tracheobronchial and paraaortic lymph nodes, in which the paraaortic lymph node was adhered to S-1+2 of the left lung. Since the tumor was located near the hilus, we did not resect it. Tracheobronchial and paraaortic lymph nodes were biopsied. Microscopically, these specimens contained small cell carcinomaof the oat cell type with immunoreactivity for anti-AVP antibody (Figs. 4 and 5) . After admission, the patient was kept on a diet of high sodium content (20 g of salt per day) on ad libitum water intake without medications, because he had a high plasma renin concentration and low plasma ANPconcentration. Ten days after the start of the high salt diet, the plasma levels of sodium and renin decreased to 1 18 mEq// and 19.2 pg/ml, respectively, while the plasma ANPconcentration increased to 16.3 pg/ml. The worsened hyponatremia was improved by treatment with demeclocycline and subsequently with vincristine, adriamycin, etoposide and cisplatin combinedwith irradiation. After the therapy, the plasma AVPlevels relative to plasma osmolality were normalized (Fig. 2) .
Discus sion
In elderly patients, hyponatremia can have multiple causes (2) (3) (4) (5) . This patient had true hyponatremia and no evidence of diuretic use, edema,congestive heart failure, cirrhosis, nephrosis, hypothyroidism, hypotension or adrenal insufficiency. Furthermore, the hyponatremia was associated with urinary osmolality higher than 100 mOsm/kgand with urinary sodium excretion higher than 20 mEq/day. The laboratory findings meet the criteria reported by Schwartz et al ( 1 ) and by Robertson (6) for the diagnosis of SIADH. For the diagnosis of SIADH, Robertson reported low plasma renin concentrations when the patient was in a recumbent position (6) . However, the present patient had a high renin concentration, which does not support SIADH.Moreover, the low plasma ANPconcentration in our patient is not consonant with that found in patients with SIADH (7). These data suggest that the hyponatremia maybe attributed to sodium loss from the kidney by causes other than SIADH. Suchhyponatremiaoccurs as renal sodiumwastage with an appropriate AVPsecretion, and hypovolemia with ahigh plasma level of renin and low plasma level of ANP (2, 4) . Interestingly, in the present case, plasma AVPlevels relative to plasma osmolality during the hypertonic saline infusion were high and changed randomly. In general, this mechanism is explained by the ectopic secretion of AVP or a nonosmotic stimulus for pituitary AVPrelease (8). Zerbe et al reported that in 1 6 patients with this pattern of AVPsecretion, 4 patients had lung cancer and the other patients had non-malignant disease including pulmonary disease, neurological disease and psychiatric disease (9, 1 0). Therefore, it was concluded that the pattern ofAVP is not specific for patients with AVP-producing tumor. However, additional studies to determine the utility of this type of classification have not been reported. In elderly patients with hypovolemic hyponatremia, plasma AVPconcentrations relative to plasma osmolality are either high, but constant and nonsuppressible, or they decrease rapidly during hypertonic saline infusion (2, 4) . Based on these observations, our findings suggest that the pattern of AVPsecretion in this case might be related to the ectopic secretion of AVP. The present patient was asymptomatic and showed no signs of malignant disease; his general laboratory tests, including plain chest X-ray film showed no evidence of malignancy. Although normocytic anemia was observed, its cause may be myelodysplastic syndrome. The patient had bicytopenia and normal cellularity with normal differentiation, indicating that the anemia was not due to bone marrowsuppression of malignancy or aging. Furthermore, there was no metastatic malignancy in bone marrowand no evidence of other chronic disorders except hyponatremia, although some components of immunoglobulin and complement were low. Bronchoscopy was normal and the CTchest scan did not detect the tumor, although the CTimage represents only the information in a 10-mmthick transverse cross section. Abnormalfindings on the CTchest scan were enlargement of paraaortic, paratracheal, anterosuperior mediastinal and right hilar lymph nodes. On the basis of this evidence, we examined a specimen of lymph nodes obtained by open biopsy, which revealed small cell carcinoma of the oat cell type with immunoreactivity for anti-AVP antibody. Therefore, we conclude that the hyponatremia is due to AVP-producing small cell lung carcinoma. This conclusion is supported by the fact that plasma AVPconcentrations relative to plasma osmolality after chemotherapy and irradiation were normalized (Fig. 2) . The high concentrations of plasma renin and aldosterone, and low concentration of plasma ANPon admission maybe due to a relative hypovolemia resulting from the lack of sodium intake as found in normal subjects, even though they were diagnosed with SIADH (2, 4, 7, ll) . In fact, after the patient began a high sodium intake, the plasma renin concentration decreased and the plasma ANPlevel increased. This observation indicates the importance of careful evaluation of the plasma concentrations of renin and ANPin patients with SIADH.
Patients with small cell lung carcinoma commonlyhave hyponatremia at the time of diagnosis (12, 13) . The incidences as defined by clinical findings in 250 patients studied by
Hainsworth et al (14) , biochemical studies in 350 patients by List et al (12) , and clinical and biochemical findings in 133 patients studied by Gross et al (13) were 7%, 11% and 16%, respectively. In these patients, the incidence ofAVP-producing tumor was not clear. The reason maybe that it is not easy to detect an AVP-producing tumor. Gross et al (13) reported that 7 of 21 hyponatremic patients with small cell lung cancer had an AVP-producing tumor in the tumor cell lines, indicating AVP-producing tumor in patients with small cell lung cancer may not be rare. Regarding the relationship of hyponatremia to the degree of disease, hyponatremia is more commonin patients with extensive-stage of the disease but not rare in patients with a limited stage of the disease (14) . In the report of List et al (12), 4 of 40 patients who showed clinical significant hyponatremia were found 1 to 4 months before the malignancy was clinically detected. They showed howfactors other than the tumor burden per se influence the development of hyponatremia. Thus, although hyponatremia as a first sign of small cell lung cancer may not be rare, it is difficult to find the AVP-producing tumor at an early stage. To detect an AVP-producingtumor at an early stage, Yamaji et al (15) reported that the provasopressin (propressophysin) concentration in blood is a useful marker of ectopic AVPproduction. However, it is neither easy and nor practical to measure this hormone in the patient's blood. Recently, a case similar to the present case was reported (16) , in which a patient in a coma due to hyponatremia was found to have a tumor after bronchoscopy. The severity ofhyponatremic syndrome is dependent on the rapidity of its onset, since gradual development is generally not associated with clinical symptoms (6) . The hyponatremia in this patient may have developed gradually because the tumor was very small, resulting in no clinical symptoms for hyponatremia. Altogether our findings indicate that the present patient had asymptomatic hyponatremia due to SIADHby AVP-producing small cell lung cancer, although the laboratory findings for hyponatremia were indistinguishable from those ofhypovolemic hyponatremia. Careful evaluations, therefore, are necessary to determine the true cause of hyponatremic disorders in elderly patients.
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